This paper sheds new light on the impact of AIDS on cross-country income levels. We consider new UNAIDS/WHO data on officially reported AIDS cases for a panel of 89 countries over a 15 year period from 1986-2000 during which AIDS has spread across the world. These data are used to estimate cross-country level regressions employing panel data techniques. Our findings are threefold: First, when using the entire sample of countries we find that AIDS has a negative albeit marginally significant effect on the level of income. Second, when we control for regional effects we show that this negative effect is driven entirely by the sub-Sahara African sample. Third, using AIDS data by age group, we find that the disease has a significantly negative impact on income only via infected people between the ages 16 and 34.
Introduction
The World Heath Organization (WHO) reported that as of November 2006, 39.5 million people were living with the human immunodeficiency virus (HIV) or the acquired immune deficiency syndrome (AIDS). According to the latest figures new cases of HIV in 2006 totaled 4.3 million with 2.8 million (65%) occurring in sub-Saharan Africa. AIDS related deaths in 2006 were estimated to be around 2.9 million. HIV/AIDS now ranks as the world's fourth largest cause of death, after heart disease, strokes and acute lower respiratory infections (Dixon, McDonald, Roberts (2002) ). 1 AIDS has surpassed tuberculosis (1.6 million deaths in 2002) and malaria (1.3 million deaths in 2002) as the top single agent/disease killer. While the number of deaths due to nearly every disease has decreased, deaths due to HIV/AIDS have increased fourfold.
AIDS' alarming infection rate coupled with no known cure has very important social, political, demographic and certainly economic implications. A central point of analysis for economists is to evaluate the impact of AIDS on economic welfare and, in particular, on per capita income. The main goal of this paper is to provide new evidence on the potential effect of AIDS on income in a panel of countries using aggregate AIDS data. Our dataset is compiled from the UNAIDS/WHO Epidemiological Fact Sheets (2003) and represents the number of newly reported infections occurring each year for the period 1979-2000 across 115 countries.
Our main findings are as follows: AIDS, as proxied by the number of officially reported cases per 100,000 people, has a negative albeit marginally statistically significant effect on per capita income across a panel of countries. When we incorporate regional interactions with AIDS, we find that only sub-Saharan Africa is negatively affected by the disease whereas Latin America and OECD subsamples obtain insignificant coefficient estimates. Finally, using more disaggregated (but less detailed) AIDS data by age group, we find that the disease may be most disruptive via its negative effects in productive people between the ages 16 and 34.
There is a small but rapidly expanding literature related to the economic effects of AIDS. Several theoretical papers suggest large negative economic consequences of the pandemic. For example, Cuddington (1993) , simulating a modified Solow model, conclude that AIDS, via its impact on 1 For a very insightful introduction to AIDS and the various ways that is embedded within social, cultural, political, ideological and economic contexts see the book by Kalipeni et al. (2004) . Extensive information on the AIDS epidemic and its economic consequences is available online at: http://www.worldbank.org/aids-econ/. For updates on recent academic and nonacademic papers, surveys, and field studies on HIV/AIDS in developing countries visit the website of the International AIDS Economics Network at: http://www.iaen.org/papers/. morbidity and mortality rates, will reduce GDP in Tanzania in 2010 by 15 to 20 percent relative to a counterfactual of no-AIDS scenario. Similarly, Cuddington and Hancock (1994) using a similar methodology simulate the impact of AIDS on the Malawian economy and find that the average annual real per capita GDP growth over the period is projected to be 0.2-0.3 percentage points lower compared to the alternative no-AIDS scenario. More recently, Ferreira and Pessoa (2003) have proposed a model in which AIDS impacts negatively on income by affecting the incentives for schooling attainment due to shorter expected longevity. Based on their model, the most affected countries in sub-Saharan Africa are predicted to become about 25 percent poorer than they would have been without AIDS, with schooling declining by about 50 percent. Finally, Corrigan, Glomm, and Mendez (2005) show that their model exhibits substantial negative growth effects of the AIDS epidemic through the detrimental impact of lower life expectancy on investment combined with a sizable number of orphans created by the epidemic. Perhaps the most notable and controversial paper on AIDS is Young (2005) that, through simulations, arrives at the conclusion that as a result of a significant decrease in population AIDS will increase the welfare of the future generations in South Africa by increasing their per capita income. 2 Largely owing to data constraints, these studies calibrate the impact of HIV/AIDS, but do not provide a meaningful empirical analysis.
At the empirical side, the literature on AIDS and development has recently picked up due to the emergence of new datasets on AIDS. 3 The first notable empirical contribution using cross-country data is Bloom and Mahal (1997) . These authors use standard epidemiological models to estimate the number of reported AIDS cases from information on HIV prevalence at a point in time. Utilizing a rather scarce set of cross-country estimates on reported AIDS cases and using novel econometric techniques they arrive at the conclusion that the AIDS epidemic has had an insignificant effect on the growth rate of per capita income. Bonell (2000) and McDonald and Roberts (2006) also contact a cross-country empirical investigation and find a negative relationship between growth and AIDS whereas Lorentzen, McMillan and Wacziarg (2005) test the hypothesis that high adult mortality reduces economic growth by shortening time horizons and find substantial long-run economic costs of the ongoing AIDS epidemic. 4 More recently, a series of papers use macro data on AIDS but primarily focusing on subSaharan Africa. These papers include, Dixon, McDonald and Roberts (2001) , Oster (2005 Oster ( , 2007a , Kalemli-Ozcan (2006) , and Werker, Ahuja and Wendell (2006). Oster's papers primarily focus on the response of sexual behavior to HIV in sub-Saharan Africa whereas Kalemli-Ozcan's paper explores the effect of AIDS epidemic on demographic transition. Werker, Ahuja and Wendell (2006) use male circumcision to instrument for AIDS in growth regression for sub-Saharan Africa and find no effect of AIDS on economic output.
Our paper is more closely related to Bloom and Mahal (1997) but departs from it in two important ways: First, in order to address the economic implications of the disease on welfare, our framework focuses on levels rather than growth of per capita income. 5 Second, we use an alternative more comprehensive dataset. Although broader in scope, our paper also relates to the papers focusing on Africa in that we explicitly control for regional effects and show that sub-Saharan Africa is the only region that is negatively and significantly affected economically from the disease.
The remainder of the paper is organized as follows. Section 2 takes a first look at the AIDS data used in our empirical analysis. Section 3 presents our panel estimation results for the full sample of countries. In addition, this section present results using age-specific AIDS data. Section 4 discusses of our main results in relation to the existing literature and section 5 concludes.
A Look at the AIDS Dataset
We begin by describing the AIDS data used in our estimation. 6 Later on, we explain how we obtain the rest of the data needed for our analysis.
Our AIDS dataset is constructed using UNAIDS/WHO Epidemiological Fact Sheets on HIV/AIDS 4 McDonand and Roberts (2006) investigate the effect of AIDS on economic growth in a system of two equations, a structural growth equation based on the augmented Solow model and a reduced form health equation used to estimate the effect of HIV on some measure of health capital.
5 For this and other arguments in favor of using levels rather than growth regressions, see Hall and Jones (1999, pp. 85-86 ). Other papers that use level regressions include Frankel and Romer (1999) , Acemoglu, Johnson and Robinson (2001) , and Caselli and Wilson (2004) , just to name a few.
6 The AIDS datasets used in this paper are available from the authors upon request. We multiply the number of reported AIDS cases by 100,000 and divide by total population in each year (data on population is from the World Development Indicators (2002)) to obtain reported AIDS cases per 100,000 per country per year. Thus, we obtain AIDS reported cases, which is a flow measure. Due to data constraints associated with explanatory variables necessary for our empirical analysis other than AIDS, our country coverage is reduced from 115 countries to 81. In addition, to eliminate major measurement error at the beginning of the epidemic we start our time coverage from 1986 rather than 1979. Therefore the sample used in our empirical investigation is further reduced to a panel of 81 countries for the time period 1986-2000. To explore the panel dimension of the data, we average them into 5 year periods and produce three non-overlapping five-year time intervals 1986-1990, 1991-1995 and 1996-2000. 10 Next, we take a first look at the AIDS dataset by presenting correlations and descriptive statistics at the regional and country levels. In addition, we exploit a nice feature of our dataset and 7 We were able to update the reported AIDS cases using UNAIDS/WHO Epidemiological Fact Sheets-2004 Update for the following countries: Canada, Chile, Columbia, El Salvador, Iran Israel, Thailand, Turkey, Austria, Belgium, Czech Republic, Denmark, Finland, France, Greece, Ireland, Italy, Luxembourg, Netherlands, Poland, Portugal, Spain, Sweden, Switzerland, U.K. of Great Britain, Fiji.
8 Of note is the exclusion of South Africa from our dataset due to the gross under-reporting observed and documented by many field researchers. We thank participants at the North East Universities Development Consortium (NEUDC) 2004 conference and in particular Mark Gersovitz, Damien de Walque, Désiré Vencatachellum, for their insights on the substantial measurement errors present in the South African AIDS dataset.
9 The serious problem of under-reporting is proliferated from luck of willingness to diagnose the problem by potential infected individuals. Thornton (2006) finds that in a recent randomized experiment performed in Malawi, only less than half of the participants attended clinics to learn their HIV status.
10 For more information about the sample of countries and relevant variables used in the estimation, see Appendix A, Table A1 . For detailed discussion on our definition of AIDS see Appendix B. disaggregate our data into AIDS cases by four age groups (0-4, 5-15, 16-34, 35-60+) . 11 We present examples from this disaggregated dataset for selected countries. (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) AIDS cases by continent Notes: This plot illustrates the evolution of AIDS in 5 regions over the period 1986-2000. in Europe, where the mean AIDS cases is 2.416. Finally, it is readily seen that Asia and Oceania are experiencing considerably lower AIDS cases than Africa, the Americas and Europe even though, as the standard deviation reveals, there also exists substantial variation between countries in these regions. The world mean AIDS cases is quite large at 10.576 but obviously upward biased by the African subsample. First, is the rapid spread of the disease in Africa. This is a concern that is well-documented in the literature and echoed loudly in the public media. Second, a reversal of the AIDS spread rate is observed in Africa and Latin America after 1997, and after 1995 in Europe. A possible explanation for this slowdown is the combination of substantial increases in funding, increases in global political leadership (which is key to international development planning), and the beginning of pay off from policies and educational programs for promoting AIDS awareness that was initiated by many local, national and international agencies. Third, is the recent increase in reported AIDS cases in Asia. This is a major concern because AIDS cases in particular South Asian countries (i.e. Thailand and Notes: This figure illustrates AIDS cases by age group. We were able to assemble a dataset with 63 countries for which AIDS cases could be dissagregated into four age groups. For details see Appendix C.
China) have increased at an alarming rate over the last few years.
Next, we present AIDS cases for individual countries to highlight the great variation that exists among them. Table 2 presents the top and bottom 25 countries in our sample of 115 countries.
Among the countries with highest reported AIDS cases 20 are located in sub-Saharan Africa. This speaks directly to the major concerns raised by international organizations, such as the World Bank, WHO and UN, and governments of advanced nations like the U.K., France and the U.S. 13
It is interesting to notice, however, that the U.S. and Thailand are also part of the top 25 list.
This suggests that AIDS may be different from other determinants of economic development that typically are inherently dependent on per worker income. This argument is reinforced by looking at the list with the bottom 25 countries as many developing and less developed countries experience very low AIDS cases. A notable feature of the low-AIDS-cases list is that the primary religion in 12 out of the 25 countries is Islam. This is consistent with the hypothesis that religion may be influential to the culture of these countries keeping AIDS cases very low.
Finally, we take advantage of a nice feature of our dataset and present AIDS cases by four different age groups for selected countries. This disaggregation reveals that there is significant variability in the way AIDS affects different age groups across countries. For example, Figure 2 illustrates that for countries like the U.S., Togo and Chad the most affected age group is 35-60+ whereas for Tanzania, Thailand and Honduras the most affected age group is 16-34. This variability is explored further in our empirical analysis.
Estimation and Results
Our empirical estimation is based on the neoclassical growth model as presented in Mankiw,
Romer and Weil (1992) (MRW). More precisely, MRW assumed a production function,
where Y is output, K is the stock of physical capital, H is a measure of human capital, A is a technological parameter that grows exponentially at rate γ, L is raw labor and α, β and (1 − α − β) are the shares of physical capital, human capital and augmented labor, respectively. Following standard arguments, MRW (pp. 416-17) derived output per worker in
where s k , s h are investment rates in physical and human capital, respectively, n is the average population growth of the working age population, γ is an exogenous technological progress parameter, and δ is a constant physical capital depreciation rate. Our empirical specification is motivated by equation (1) in which we consider AIDS as a productivity shock. To most efficiently use the information provided in our AIDS dataset, we follow recent contributions and employ panel data techniques over three 5-year periods (1986-1990, 1991-1995 and 1996-2000) . 14 Specifically, we consider the following regression equation:
where Dum t are time dummy variables for the three 5-year periods, and Dum j are regional dummy variables for sub-Saharan Africa, Latin America and OECD countries. The use of time dummies to identify the time period over which the model is estimated is justified by equation (1). Regional dummies are used, as in most previous cross-country studies, to absorb idiosyncrasies in Africa, Latin America and OECD. Our measure for physical capital investment, s k it , is the ratio of average investment to GDP from Penn World Tables version 6.1, and s h it is the percentage of secondary school attained in the total population from Barro and Lee (2001) . n it is the average population growth of the working age population from World Development Indicators (WDI-2002) , and g +δ = 0.05 as in MRW. Finally, AIDS it is the reported AIDS cases per 100,000 people averaged for the periods considered. 15 Following much of the literature on cross-country panel estimation, we average the data in five-year time intervals; 1986-1990, 1991-1995 and 1996-2000 . Due to data constraints our full sample of is now reduced from 115 to 81 countries with a maximum of three and a minimum of one time observations for each country.
Our empirical investigation is based on three sets of results. First, Table 3 presents results from the panel data analysis motivated by equation (2). Recognizing that AIDS is a potentially endogenous variable we extend this analysis to panel Instrumental Variable (IV) estimation using lagged AIDS as our instrumental variable. These results are presented in Table 4 . Finally, we report coefficient estimates from a cross-country estimation in which we exploit disaggregated data on AIDS by age group. Table 3 presents results without any regional dummies. Models 2, 3 and 4 present results from the same specification but now adding regional dummies starting with a Sub-Saharan Africa dummy (Dum SSA ), then including a Latin America dummy (Dum LAT IN ), and finally including an OECD dummy (Dum OECD ), respectively. The coefficient estimate for AIDS from Model 1 is negative and strongly significant. When we move to our preferred specifications that include regional dummies (Models 2-4), the AIDS coefficient estimate drops to about half in magnitude (from −0.044 to −0.024) and but still negative and significant, albeit at the 10% level. It is interesting to note that the magnitude of the AIDS estimate is very stable in Models 2, 3 and 4 when we include additively the different regional dummies. In Model 5 we examine the possibility of parameter heterogeneity due to regional differences by interacting the regional dummies with the AIDS variable. Results reveal that the marginal effect of AIDS is only negative and significant for the Africa region whereas not significant for the Latin and OECD subsamples. This is consistent with the popular view that the epidemic's effects on income is particularly pronounced in sub-Saharan Africa and perhaps have little if any negative effect in other regions.
Model 1 in
Consistent with the existing literature based on the neoclassical growth model, the estimated coefficients for the remaining estimates, ln(s itk ), ln(n it + g + δ), and ln(s ith ) have the expected signs and are significant at the 1% level in Models 1-4 (an exception is the coefficients for human capital in Models 4-5 which are insignificant). In addition, also consistent with the vast majority of cross-country regressions, the OECD dummy coefficient is positive, large in magnitude and very significant (in Models 4-5), the Latin America dummy positive and marginally statistically significant (in Models 4-5) and the sub-Sahara African dummy negative but only significant in Models 2-3 (negative but insignificant in Models 4-5).
In summary, our panel estimation shows evidence of a negative impact of AIDS on per capita income. This result is shown to hold robust to the inclusion of the sub-Saharan Africa dummy and also the Latin and OECD dummies. Finally, our results indicate that the negative impact of AIDS is primarily absorbed by sub-Saharan Africa.
A potential concern about the empirical strategy used thus far is that it does not consider the potential endogeneity of the AIDS variable. To check the robustness of the results we use an instrumental variable strategy where the first lag of AIDS (for the period 1986-1990) is our instrument. 16,17 As a consequence our sample is now reduced from 241 to 159 observations. Table 4 . We consider Models 1-4 as in Table 3 but not Model 5 as it is impossible to justify an acceptable set of instruments under the interactions specification. For Model 1 (without regional dummies) the coefficient estimate for AIDS −0.0074 and significant at the 5% level. When we add a sub-Saharan Africa dummy the coefficient estimate remains negative but its magnitude declines to −0.0056 and becomes only significant at the 10% level. These results are robust to adding the Latin America and OECD dummies (Models 3 and 4, respectively) with the magnitude of the AIDS coefficient taking the values of −0.0052 and −0.0064, respectively. Comparing the IV 16 We have also instrumented AIDS with initial AIDS (i.e. as far back as we could get data for each country) with results being very similar. A potential concern with using lagged explanatory variable as instrument is that if the dependent variable is correlated over time, then the instrument may not be exogenous. This concern would be more severe if we were using annual data on AIDS.
17 Werker, Ahuja and Wendell (2006) are using an alternative instrument for AIDS, namely male circumcision. Unfortunately, we could not use this instrument in our estimation as Werker et al.'s data cover only African countries. results for AIDS in Table 4 with the panel results in Table 3 we note that they share a similar decrease in the magnitude and significance when we add the sub-Saharan Africa dummy (and the other two regional dummies). In addition, it is worth noting that although significance in the IV results stays only marginal the magnitude more than doubles. This may be caused by the change in our sample (from 241 to 159) due to the use of lagged AIDS in the IV estimation.
Finally, in all specifications, the coefficients on ln(s itk ), ln(s ith ) and ln(n it + g + δ), as well as those of all three regional dummies are qualitatively similar to those obtained in the panel estimation without instrumental variables (with the exception of the coefficient on ln(n it + g + δ) in Model 4 that becomes insignificant). To summarize, the instrumental variable regression results support a negative but marginally statistically significant effect of AIDS on per capita income.
In addition to obtaining data on annual AIDS cases, we were also able to assemble data on the officially reported AIDS cases for the period of study on different age groups. In particular we were able to disaggregate our original AIDS dataset into four age-group samples as follows: (less productive period). A caveat of this dataset is that AIDS cases by age is quite incomplete and these breakdowns exists only for selected years. Due to these data constraints our original sample was further reduced to 63 countries and were limited to applying OLS to Models 1-4 (without regional or time dummies). 18
Although this analysis is quite preliminary and should be interpreted with caution, some interesting findings emerge from exploiting this dimension of our data. 
, remain significant at the 1% level of significance with the expected sign. This finding is quite intriguing suggesting that the 18 These countries are marked with an asterisk in Table A1 in Appendix A. A detailed explanation of how we construct AIDS cases by age group appears in Appendix C.
19 Due to the high correlation between AIDS[0-4] and AIDS [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , 0.825 we decided to exclude AIDS[0-4] from our regression to reduce the possibility of multicollinearity. This high correlation is present because infants till the age of 4 are infected almost exclusively by their parents who are HIV positive or they are already infected by AIDS. 
Discussion
Beyond the negative impact of AIDS on cross-country income that emerges from our estimation results it is interesting to examine the magnitude of this impact. AIDS coefficient estimates are quite robust across the models that include regional dummies within the panel, panel-IV and crosssection-group estimations, respectively. However, they more than double in absolute magnitude when we compare panel to panel-IV estimation (i.e. −0.0024 to about −0.0056 in Model 2).
Taking an estimate of about −0.003 as a conservative lower bound would imply that for the period 1979-2000 each additional AIDS incident per 100,000 people per year was associated with a 0.003 percentage point reduction in income per worker.
To better understand what these numbers mean we use the estimate of −0.003 to back out "lower-bound" direct cost estimates for the epidemic for selected countries with different AIDS severity. Table 6 reports AIDS severity (column 2), GDP per worker (column 3), cost of AIDS to GDP (column 4), and cost of AIDS per worker (column 5), in the year 2000 for nine non-OECD countries. As expected the total cost to GDP ratio varies with the epidemic's severity across countries. In particular, total cost to GDP ratio was 0.228% for Botswana with the second highest AIDS rate in our sample, whereas the same ratio was only 0.0001% for South Korea. Cost per worker indicates the difference in average income loss in countries with a range of AIDS cases.
Overall, these simple calculations show that the direct impact of AIDS vary dramatically across countries in our sample and can have especially devastating effects in those countries with high reported cases but low per capita income. 20
How do our results compare with those in the existing literature? Our work is closely related to the influential paper by Bloom and Mahal (1997) that also uses cross-country regressions but instead finds no significant impact of AIDS on growth. The difference between the Bloom-Mahal and our papers may well be explained by the central question asked; on the one hand, we are interested in the effect of AIDS on income, considering income as a good proxy for welfare. On the other hand Bloom and Mahal are interested in the effect of AIDS on growth, considering growth 20 Notice that in this analysis we can only discuss "direct" effect of AIDS on income. Indirect effects, such as education, (see, Fortson, 2007) , and savings and investment (see, e.g. Chakraborty, 2005) can be very substantial . as a good proxy for the development process. Another possibility for the different results is the more extensive coverage of countries and years we have for the AIDS series (Bloom and Mahal's sample is for 51 countries and ends in 1992). In Appendix D, we report cross-sectional estimates of regressions with income growth per worker as the dependent variable in the spirit of Bloom and Mahal (1997) . Consistent with these authors' results we find that there is an insignificant effect of AIDS on growth. Our analysis therefore suggest that AIDS has a different effect in level versus growth regressions (as indicated in e.g., Hall and Jones (1999, p.85) ).
Another influential paper in the AIDS-development literature is the contribution by Young In our paper we use AIDS cases across a panel of countries to investigate the impact of the epidemic on income. We have shown that regardless of the limitations with the data, there is substantial information in them to make valuable contributions to cross-country estimation. We further extend this argument and suggest that development/growth cross-country regressions, regardless of whether testing for growth, health or other aggregate output, should incorporate AIDS as a key control variable to capture the unprecedented negative effect of the disease, especially on the sub-Sahara African region. 21
Conclusion
In this paper, we investigate the impact of AIDS on cross-country income levels. Our measure of AIDS comes from the officially reported AIDS cases compiled by UNAIDS/WHO on 81 countries for the period 1986-2000, during which the AIDS epidemic has spread across the globe. Our main results are threefold: First, using the full sample without controlling for regional effects, we find the coefficient estimate for AIDS to be negative albeit marginally statistically significant. Second, upon adding regional dummies we show that the negative effect is primarily due to the sub-Sahara African countries in our sample. Third, using AIDS cases by age group reveals that only the coefficient on AIDS between the ages 16-34 is significant with a negative sign. In addition, the magnitude of the AIDS [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] coefficient estimate has more than doubled compared to that obtained when using the aggregated AIDS data. A sensitivity analysis shows robustness of these results to various alternative specifications.
We note that our analysis is subject to three limitations. First, the AIDS data used in this study are likely to suffer from measurement and under-reporting errors. Second, lack of an ideal instrument for AIDS suggests that we can only make qualified statements about the causal effect of the relationship. Third, the AIDS epidemic is still an evolving phenomenon and therefore as newer 21 For example, see Papageorgiou, Savvides and Zachariadis (2007) who investigate a cross-country relationship between health output (life expectancy and infant mortality) and medical technology diffusion. They show that an important control variable is the AIDS data that controls for the reversion of life expectancy in many sub-Sahara African countries in mid-1980s. Omission of the AIDS data would result in biased estimates as the authors note. A similar result is obtained in Mishra and Newhouse (2006) who investigate a cross-country regression between infant mortality and heath aid. data become available we can better capture its economic effects. Notwithstanding these caveats, our results point to quite a strong negative relation between AIDS and income, and add to the mounting evidence on the disease's disruptive force on economic outcomes. Appendix B
Appendix A

AIDS Definition
The 1985 World Health Organization AIDS surveillance case definition was developed in October 1985, at a conference in Bangui, Central African Republic (known as the "Bangui definition"). It was developed to provide surveilling case definition of AIDS for use in countries where testing for HIV antibodies was not available. The 1994 expanded World Health Organization AIDS case definition was introduced to incorporate the statement that HIV testing should be done. However, if testing was unavailable, then the Bangui definition should be used (Weekly Epidemiological Record, 1994, issue 69, pp. 273-280) .
WHO AIDS surveillance case definition
For the purposes of AIDS surveillance an adult or adolescent (> 12 years of age) is considered to have AIDS if at least 2 of the following major signs are present in combination with at least 1 of the minor signs listed below, and if these signs are not known to be due to a condition unrelated to HIV infection.
Major signs
-weight loss = 10% of body weight -chronic diarrhoea for more than 1 month -prolonged fever for more than 1 month (intermittent or constant)
Minor signs -persistent cough for more than 1 month -generalized pruritic dermatitis -history of herpes zoster -oropharyngeal candidiasis -chronic progressive or disseminated herpes simplex infection generalized lymphadenopathy The presence of either generalized Kaposi sarcoma or cryptococcal meningitis is sufficient for the diagnosis of AIDS for surveillance purposes.
extended WHO AIDS surveillance case definition
For the purposes of AIDS surveillance an adult or adolescent (> 12 years of age) is considered to have AIDS if a test for HIV antibody gives a positive result, and 1 or more of the following conditions are present: -= 10% body weight loss or cachexia, with diarrhoea or fever, or both, intermittent or constant, for at least 1 month, not known to be due to a condition unrelated to HIV infection -cryptococcal meningitis -pulmonary or extra-pulmonary tuberculoses -Kaposi sarcoma -neurological impairment that is sufficient to prevent independent daily activities, not known to be due to a condition unrelated to HIV infection (for example, trauma or cerebrovascular accident) -candidiasis of the oesophagus (which may be presumptively diagnosed based on the presence of oral candidiasis accompanied by dysphagia) -clinically diagnosed life-threatening or recurrent episodes of pneumonia, with or without etiological confirmation -invasive cervical cancer
Constructing AIDS cases by age -The officially reported AIDS cases for the different age groups are reported as a total before 1997 and annually for 1997, 1998, 1999 and 2000. -In addition to the officially reported cases per age group, UNAIDS/WHO also reports "Not Specified" (NS) representing cases in which an age group was not specified along with AIDS reporting. We can not use NS cases in our calculation of the age groups and recognize that this is a source of measurement error due to aggregation.
-We chose aggregate AIDS cases into four age-group samples as follows: AIDS[0-4] (infancy period), AIDS [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] (schooling period), AIDS [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] (productive period) and AIDS [35-60+] (less productive period).
-We divide the total number of reported AIDS cases in each age group by the number of years cases are reported and multiply by 100,000 and divide by average population. This the mean AIDS cases reported per 100,000 people by each of the four age groups.
-Data on population are taken for the WDI (2002).
Appendix D
Cross-sectional estimation
Our empirical analysis is based on the extended unrestricted Solow specification in which we consider AIDS as a productivity shock. Specifically, we consider the following regression equation:
where
is output per working age person in country i in year 2000, 22 s ik is the ratio of average investment to GDP over 1986-2000, s ih is secondary school enrollment of working-age population, n i is average population growth, g + δ = 0.05 as in MRW, AIDS i is the reported AIDS cases per 100,000 people averaged for the period 1986-2000, and ε is an error term. 23 . It is important to clarify that for human capital we use the Bernanke and Gürkaynak datatset 24 for our cross-sectional estimation rather than the Barro and Lee dataset used in our panel estimation. We do so because the former dataset offers more observations for our cross-sectional estimation, whereas the latter dataset offers more entries for our panel estimation. Table D1 presents estimates for the extended Solow model for the period 1986-2000 for the full sample and arbitrarily chosen OECD and non-OECD subsamples using ordinary least squares (OLS). First, we estimate the MRW specification with our extended data. These results are consistent with MRW using data from PWT 4.0 for the period 1960-1985. They are also qualitatively similar to Bernanke and Gürkaynak (2001) who extend the data until 1995, using PWT 6.0. Next we add AIDS as a regressor, therefore treating it as a productivity shock.
When we reestimate the MRW specification using PWT 6.1 for the full sample of 89 countries Results are insensitive to using output per capita. 23 Following Gallup and Sachs (2000) and McCarthy, Wolf and Wu (2002) , AIDS i enters the regressions in levels.
24 Bernanke and Gürkaynak (2001) follow MRW and obtain their human capital measure by multiplying the fraction of population in the ages of 12-17 that is enrolled in secondary school by the fraction of the working-age population that is of school age (15-19). We average human capital for the period 1980-1995. estimated coefficient for ln(n i + g + δ) is −2.7627 in the model without AIDS and increases to −2.7361 in the model with AIDS, remaining highly significant at the 1% level. Most importantly, for our full sample the estimated coefficient on AIDS is negative (−0.0041) and significantly different from zero at the 10% level. This result suggests that each additional AIDS case per 100,000 people per year is associated with a 0.0041 percentage point reduction in per worker income. This is first evidence that AIDS has a negative impact on cross-country income. Notes: Standard errors are in parentheses. It is assumed that g + δ = 0.05 as in MRW. All regressions are estimated using OLS. White's heteroskedasticity correction was used. * * * Significantly different from 0 at the 1% level.
* * Significantly different from 0 at the 5% level. * Significantly different from 0 at the 10% level. Investment and population growth rates are averages for the period 1986-2000. s h is the average percentage of the working-age population in secondary school for the period 1980-1995.
Next, we examine our results by arbitrarily splitting the full sample into OECD and non-OECD countries. In the model without AIDS, for the non-OECD countries, we obtain a positive and highly significant coefficient for ln(s ik ), 0.6171, a positive and highly significant coefficient for ln(s ih ), 0.5738, and a negative and significant coefficient for ln(n i + g + δ),−1.6171 (column 4).
There is little change in the coefficient estimates between the specification with and without AIDS (column 7). What is important to notice is that the coefficient estimate for AIDS remains negative (−0.0040) and significant at the 10% level.
When we compare the coefficient estimates from the models without and with AIDS for the OECD countries (columns 3 and 6, respectively) we find that the coefficient on s ik increases from 0.6292 to 0.6416, but remain insignificant. The coefficient on s ih remains almost identical in terms of magnitude (1.2) and highly significant. The estimated coefficient for ln(n i + g + δ) is −0.8900 and insignificant in the model without AIDS, and decreases to −0.9456 when we include AIDS, but remains insignificant. The estimated coefficient for AIDS (quite surprisingly) changes sign but is insignificant, suggesting that the epidemic has no significant impact on the level of income for developed countries.
A possible explanation for this result may be that AIDS in non-OECD countries affects those in their most productive ages who can not afford treatment. More precisely, since people in advanced countries can afford treatment using antiretroviral drugs, this can increase productivity, delay the transmission of the disease, and potentially cause positive externalities by protecting other people. 25 In developing countries, the effect of the pandemic may be different. People cannot afford the expensive drugs and because of the very low level of education, they are not even familiar with the basic protection measure -the use of a condom. Kalemli-Ozcan (2004) provides new evidence on the empirical relationship between the mortality rate changes and the quality-quantity trade-off for a panel of African countries, where parents choose to have more children and provide them with less education facing a high probability of getting infected with AIDS.
We have also reestimated all of the specifications in Table D1 excluding Botswana, Congo, Malawi, Zimbabwe and Zambia (the countries in our sample with the highest concentration of the epidemic). Results from this exercise appear in Figure D1 and Table D2 . The main result is that when we exclude these countries with highest AIDS incidence, the coefficient estimate for AIDS remains negative and increases in magnitude and significance for the non-OECD subsample.
In an influential paper Bloom and Mahal (1997) reach the conclusion that "... there is more flash than substance to the claim that AIDS impedes national economic growth." A criticism of this paper is that given the scarcity of the data used (authors use estimated AIDS cases for 51 countries for the period 1980-1992) it is too early to tell what the impact of AIDS on growth may be. In addition to the problem of data scarcity, it is the problem of quality of early data on HIV/AIDS which forced the authors to resort to estimates of AIDS cases using epidemiological models. Even though measurement errors associated with HIV/AIDS data are likely to be large primarily due to lack of adequate reporting, early on these errors are very likely to be significantly larger.
25 However, the impact of antiretrovirals on the spread of the epidemic is yet unclear (Kremer (2002) ). Advocates of antiretroviral drugs for HIV/AIDS support the view that the effect of these drugs is expected to lead to prevention and slowdown of transmission. Alternatively, there exists the possibility that due to the availability of such drugs people choose to have more and riskier sexual contacts. . Given the severe criticism of this paper in the literature and public media we decided to reexamine Bloom and Mahal's result using our data and model specification. More precisely, in addition to the level regressions, we examine the effect of AIDS on growth of GDP per worker for the period 1979-2000. We present the results of this exercise in Table D3 . It is shown that standard growth regressors (ln y i0 , ln(s ik ), ln(s ih ) and ln(n i + g + δ)) in the alternative samples and specifications considered are consistent with those obtained in other growth regressions commonly found in the literature. When we include AIDS in the regressions, the AIDS coefficients are found not to be significantly different from zero for the full and non-OECD samples. For the OECD sample the coefficient is positive and significant which may indicates an endogeneity problem being present. In general, these results suggest that AIDS has an insignificant impact on cross-country growth and therefore are supportive of the evidence and main conclusion in Bloom and Mahal (1997) . 
